The authors examined relationships between early initiation time of BF and the prevalence of pneumonia and diarrhea in infants and under 5 children adjusting for gender, previous sibling death, maternal educational level, place of delivery and birth weight. This study utilized secondary database analysis of the de-identified and publicly available Multiple Indicator Cluster Survey (MICS) 4 data for the period between 2009-2011. A cross-sectional study was conducted for children under 5 years, using the data from Nigeria (n=26018), Ghana (n=7586), Togo (n=4908) and Sierra Leone (n=8798). A total of 47310 children were recorded for the four countries in West Africa with a mean age and birth weight distribution of 1.72±2 (0.45) years and 2.17±2 (0.62) kg, respectively. 'Hours' breast fed infants were significantly more likely to be protected from diarrhea than 'days' breast fed with a crude OR of 0.74 (95% CI= 0.68-0.80 P=0.0292). The estimated adjusted OR for 'hours' breast feeding in relation to protection against diarrhea as compared to 'days' is 0.81 (95% CI= 0.72-0.92 P=0.0478). In this population representing infants and children less than 5 years of age from four countries within the West African sub-region, breast feeding within 24 h after birth showed a protective effect against diarrhea as compared to breast feeding which commenced days after birth even after all adjustments for confounding variables had been considered.
INTRODUCTION
According to UNICEF 2012 data, pneumonia is the single largest killer of children under age 5 worldwide and the leading infectious cause of childhood mortality. It also accounts for 17% of all under-five deaths and it killed 3,000 children a day in 2012 (1.1 million that year). Most of its victims were less than 2 years old. On the other hand, diarrhea is also ascribed a leading killer of children, which accounts for 9% of all deaths among children under age 5 worldwide. This translated into 1,600 young children dying each day, or more than 580,000 children a *Corresponding author. E-mail: nkemjiso@sph.rutgers.edu. Tel: 7324859140.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License year. The bulk of this mind blowing statistics occur among children less than 2 years of age living in South Asia and sub-Saharan Africa. Many studies have investigated the preventive effect of breast feeding on different disease parameters in the under 5 children and based on some of these studies, the WHO recommends early breastfeeding within the first 24 h of birth as being protective (Arifeen et al., 2001; Debes et al., 2013; César et al., 1999; Lamberti et al., 2013) .
A study that evaluated the role of breastfeeding in reducing hospitalizations for pneumonia in children under 1 year conducted in Sao Paolo Brazil estimated that breastfeeding may be responsible for the reduction of 9.1% of the infant mortality rate, and can prevent more than 600,000 deaths worldwide from acute lower respiratory infections; this represents about 30% of postneonatal mortality and 50% of preventable neonatal mortality from acute respiratory infections in Latin America (Boccolini et al., 2011) . In the first years of life, breastfeeding can reduce hospital admissions for acute lower respiratory infections. Exclusive breastfeeding also has a protective effect on hospitalization from pneumonia, especially in the first 3 months of life; also improves the outcome of acute diarrhea by reducing the number and volume of diarrheal stools (Chisti et al., 2011; Jaillon et al., 1873; César et al., 1999; Khin et al., 1985; Lamberti et al., 2013; López-Alarcón et al., 1997; Mullany et al., 2008; Sanjoy et al., 2013) . However, there is little literature on the relationship between time/period of breast feeding initiation time and development of diseases (Clemens et al., 1999) .
Based on this gap in literature, our study aimed to examine association between breast feeding initiation time after birth and its effect on pneumonia and diarrhea in children under 5 years; and it was hypothesized that initiation of breast feeding during the first hour than later initiation time is associated with a higher protection from pneumonia and diarrhea. Information on breast feeding initiation time utilized includes "immediate" (time <1 h after birth), "hours" (time >1 h but < 2 h after birth) and "days" (time >24 h after birth) (Mullany et al., 2008) .
METHODOLOGY

Study sampling
The sample for the Multiple Indicator Cluster Survey (MICS4) was designed to provide estimates for a large number of indicators on the situation of children and women at the national level, for urban and rural areas, and for the states/districts/regions of several countries. The urban and rural areas within each region were identified as the main sampling strata and the sample was selected in two stages. Within each stratum, a specified number of census enumeration areas (EA) were selected systematically with probability proportional to size. After a household listing was obtained within the selected EA, a systematic sample of households was drawn in each selected EA. All the selected EAs were visited during the fieldwork period. The sample was thus stratified by district/state/region and then by urban/rural areas. The study design is a cross-sectional survey.
Household interview
Exposure
Random household visit questionnaire based information was collected from the mothers of the participant children in relation to their household link. Questions on breast feeding initiation time were asked in this format: "how long after birth did you first put to breast?" they provided response to the question as "immediately", "hours", "days" or "special".
Outcome
Information on diarrhea was coined as: "in the last 2 weeks, has child had diarrhea?" for which the response was "yes" or "no". Information on pneumonia was collected by asking questions on cough: "child ill with cough in last two weeks? Fever: "child ill with fever in last two weeks?" and difficulty in breathing: "When child had an illness with a cough, did he/she breathe faster than usual with short, rapid breaths or have difficulty in breathing? If the response to these three questions was "yes", then it was assumed to be "pneumonia"
Data and samples
This study utilized the de-identified, publicly available MICS 4 data from the World Health Organization/United Nations International Children"s Emergency Fund (WHO/UNICEF) database. It is a dataset that provides information (high quality data) to monitor the situation of children and women around the World 2009-2011. UNICEF assists countries to carry out the surveys every three years which are essential for monitoring countries" progress towards national goals and global commitments, including the Millennium Development Goals (MDGs) for the target year 2015. The dataset contains information on "household", "women with birth history", "women without birth history", "men" and "children".
The designated study area of interest are four west African countries and data for Nigeria, Togo, Ghana and Sierra Leone wee harnessed with emphasis on the information on the under 5. The data files adopted includes the individual women (with birth history) and children under five files. A total of 26018 from Nigeria, 4908 from Togo, 7586 from Ghana and 8798 from Sierra Leone, children of ages less than 5 years were included in the study. These children comprises of both male and female from different ethnic backgrounds and religious affiliations.
Measurement of variables
To assess the potential confounders, information on child"s gender and birth weight was collected. Other information that was collected included: (a) place of delivery "where did you give birth to child" (b) maternal educational level "What is the highest level of school you attended?" (c) History of previous sibling death "Have you ever given birth to a boy or girl who was born alive but later died?" The maternal level of education was used as a marker for socioeconomic status.
Statistical analysis
Statistical analysis was performed using the SAS 9.4 software suite developed by SAS institute used for advanced statistical analysis which handles complex design models. The frequency distribution of variables of children was calculated according to the different countries of interest. The appropriate χ 2 tests were used to compare several items in immediate, hours and days breast fed children and their association with pneumonia and diarrhea. Survey logistic regression models were used to assess the impact of variables that were significantly associated (P<0.05) with both exposure and outcomes. Logistic regression was conducted for both infants and under 5s in different countries, and combined as a whole.
Confounding was assumed to have occurred if the odds ratio changed by ≥10% and they were included in the final logistic regression model. The MICS 4 survey design did not take into account weighted variables and the possibility of missing values in some variables from respondents. Hence, maintaining the statistical rigor was paramount and unwanted observations in person-level files are not deleted in the analysis.
Ethical consideration
This study received ethical approval from the Rutgers University Biomedical and Health Sciences (RBHS) Institutional Review Board and the United Nations International Children"s Emergency Fund (UNICEF). .28% of the infants were delivered in homes. With regards to the outcome, Togo has a total 12.36% of pneumonia cases and 28.82% of diarrhea which is the highest for all the countries included in the study (Table  1) . For the general under 5 years population as depicted in Table 2 , a total of 47310 respondents were recorded for the four countries in west Africa which has a mean age and birth weight distribution of 1.72±2 (0.45) years and 2.17±2 (0.62) kg, respectively. The frequency distribution for most variables is similar to that of the under 1 year population. However with regards to no formal education, over 76% were non-respondents in Sierra Leone when compared with 9.91, 1.88 and 2.49% for Nigeria, Togo and Ghana, respectively. Women whose highest level of education is secondary were most likely to utilize the public/government hospital which is the benchmark standard for developing countries. Breast feeding hours after delivery was the most common trend for the general study population (45.75% of children) likewise the common pattern for the infant population as well (45.53% of breast feeding pattern). This breast feeding pattern is similar to most countries apart from Togo that has about 49.09% of immediate breast feeding. Breast feeding showed a protective effect over diarrhea amongst infant with an estimated OR = 0.87 (95% CI= 0.81-0.93 P=<0.0001).
RESULTS
Hours and immediate breast fed children in Nigeria were significantly more likely to be diarrhea free than Table 3 . There was no significant statistic association between immediate breast feeding and days later feeding. This relationship was adjusted for multiple covariates including place of delivery, birth weight, gender and previous history of sibling"s death. After adjusting for these covariates, the effect of "hours" compared to "days" commencement of breastfeeding on diarrhea remained significant with a P-value of 0.0478 as the estimated adjusted OR was 0.81 (95% CI= 0.72-0.92); effect of immediate breast feeding compared to days was not significant after adjustment. The adjusted estimate for pneumonia remained not significant in all countries for both the "hours" and "immediate" breast feeding. Impact of the different trends of breast feeding on pneumonia and diarrhea amongst infants did not yield any statistical significant relationship either as depicted in Table 4 . After adjustment with covariates for effect on pneumonia, the estimate was not significant.
DISCUSSION
In this study of population representing infants and children under 5 years of age from four countries within the West African sub-region, "hours" breast feeding initiation time after birth showed a protective effect over incidence of diarrhea as compared to breast feeding commencement days after birth even after all adjustments for confounding variables have been considered. This result is consistent with a previous study done on breast feeding patterns, time to initiation and mortality risk among newborns in Southern Nepal as there was associated reduced risk of mortality during the neonatal period (Mullany et al., 2008) . There was no effect with regards to immediate breast feeding commencement as their estimates of effect showed somewhat non-significant protection trend. Similar association cannot be ascribed to its impact on pneumonia; this could be due to the amount of cases of pneumonia in the study; as there were some tendencies during the different estimation per country. Hence, this study does not improve the literature already documented on pneumonia. However, some studies have shown that breast feeding has protective effect on pneumonia (Barsam et al., 2013; Chisti et al., 2011; César et al., 1999; Lamberti et al., 2013 ). This study also shows that "immediate" initiation and "hours" initiation of breast feeding has similar impact on diarrhea amongst infant and children generally; so breast feeding within 24 h is protective as compared to breast feeding >24 h later. Though there are some evidences of transmission of immunoglobulins from mother to child through intake of colostrum, the mechanism involved still needs more research (Mullany et al., 2008) . The relationship with place of delivery in this study revealed that a huge population of mothers responded that they delivered at home and this practice may be a contributing factor to the occurrence of diarrhea and pneumonia. Judging from literature, the effect of socioeconomic status, maternal education and cultural practices has a huge impact on the general health outcome of children in developing countries. A huge percentage of death from diarrheal and pneumonia morbidity are often attributed to families with poor income as they are more likely to live in poor sanitary conditions; also inability to afford medical care (Shwetal et al., 2012 It is also note-worthy that the protective effect of breast Table 3 . Crude and Adjusted estimate of immediate breast feeding on pneumonia and diarrhea for the under 5.
Countries
Crude feeding within 24 h after birth could be ascribed to high colostrum level which is fortified with a lot of immunologic components (Clemens et al., 1999) . Pentraxin 3 (PTX3) which is a soluble pattern recognition receptor involved in the initiation of protective responses against selected pathogens, is a constituent of colostrum and very vital for the initial innate immune response in children; thus protective against morbidities (Jaillon et al., 1873) .
Several studies on effect of breast feeding on diarrhea showed positive association and that of Pneumonia were inconclusive as some noted positive associations and others negative. However, there are few studies on time of initiation of breast feeding and its effect on diarrhea and pneumonia; with the extent of mixed evidence already documented in literatures, there are proposals to conduct prospective studies that will bridge the knowledge gap on the trends of breast feeding. Presently, some medical management history taken from patients on post natal care has breast feeding trend questions incorporated in it; and if universally accepted, it will help in computing data for different associations of health outcomes with breast feeding by researchers.
This study utilized a cross-sectional data from UNICEF MICS 4 which could pose a huge limitation as some of the questions that were used to ascertain this model relationship might not be goal specific for the aims and hypothesis highlighted in the literature review. Hence, despite ascertaining some effect from the study, the temporal sequence of events from exposure to desire outcome cannot be achieved. Secondly, the study had few respondents who have ever been diagnosed of pneumonia; this may have affected some of the output statistics conducted as the effect of breast feeding initiation pattern on pneumonia was not significant after adjustment. On the other hand, a possible reason for the reduced level of significance could be that the "pneumonia" outcome was deduced by computation of response from questions on cough, fever and difficulty in breathing symptoms occurring at the same point in time. Thirdly, the questionnaires used in this study from 2011 MICS 4 datasets were self-reported and has a high likelihood to jeopardize the validity of the response of subjects (respondent"s bias); this could be from subjects reporting the wrong information to questions being asked in the questionnaire either by over reporting or under reporting of events, and this will definitely affect the reliability of the effects measured in the study.
The fourth limitation of this study is the likelihood of recall bias to some of the variable of interest in the questionnaire like time of breast feeding initiation for which respondents might have distorted information on them by giving random response to immediately, hours and days. These random response can also be attributed to the fact that a lot of these women in the study, do not possess any form of formal education and will not comprehend the importance of their response; thus leading to distortion in the effect estimate of the study. Another possible limitation from this study is the possible misclassification of outcome into the datasets by analysts;
and this could cause a probable misclassification bias in the study. Prevalence-incidence bias cannot be neglected in this study as response to both outcome of interest are acute in nature and could be described as short duration diseases (Neymar bias). Thus, incidence of diarrhea and pneumonia cannot be ascertained from this model of study. As any other survey modeled study, this study is also prone to a lot of missing response to question of interest (Non-response bias) and will tend to bias some estimate of effect in the study.
Despite the numerous limitations of this study, there is need to emphasize the large sample size of the overall population as a major strength; even though the bulk of the population is from Nigeriawhile Togo had the smallest population. As this large sample size ensures that there is minimal random error in the study and also takes into account the different country-region predisposition. So it is generalizable as it represents the study population (external validity). The association between breast feeding initiation time and occurrence of diarrhea serves as a plat form for comprehensive prospective studies to be conducted. It is also very vital for establishment of hypothesis, health planning and understanding the disease pathology. This model also saved a lot of time in estimating the effect on diarrhea and cost effective to achieve as there was no loss to follow up as well.
In conclusion, breast feeding initiation within 24 h after birth reduced the risk of diarrhea among children less than five years of age in Nigeria, Togo, Ghana and Sierra Leone as compared to those breast fed days after birth. This effect is more likely to be related to the level of immunologic nutritional composition of breast milk within 24 h after birth. Reducing childhood diarrhea and its consequences may be an important motivation in the drive to encourage immediate breast feeding in all countries. The effect of breast feeding trends on pneumonia is still questionable and can be ascribed as inconclusive; thus more research and study in a large population with large incidence/prevalence of pneumonia is still needed.
